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How will freight activity (movement of 
goods) affect atmospheric 
environmental impacts? 
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Long-term climate (GHG emissions) 

Long-range transport of air pollution 

Short-term climate (short-lived climate forcers) 

Background air quality 

Urban air quality 

Population exposure 



Original design 
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Change in large-scale emission projections 

4 

Atmospheric 
Chemistry Macroeconomic 

Hybrid 
Just-enough detail 



Scales and analysis units 
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REGIONAL 
Within USA 

By Freight 
Analysis 

Zone (FAZ) 

GLOBAL 
By world region 

Inputs from 
macroeconomic models 

(PHOENIX) 
 

URBAN 
Within each FAZ 

By Census 
Tract 

Increase in 
commodities 

Interregional 
flows, 

including ports 

Deliveries 



BUMSOO LEE & STUDENT SUNGWON LEE 
URBAN PLANNING DEPT 
 
1. URBAN SPATIAL STRUCTURE 
2. U.S. FUTURE EMPLOYMENT DISTRIBUTION 
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1. Urban spatial structure 

GOAL: Represent future distribution of jobs within 
major metropolitan areas 

 Affects intra urban freight transportation  
within-region freight activity 

 Affects distribution of emissions & exposure 
 Affects ability of railroad planning to alter efficiency 
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Two dimensions of urban spatial structure 

Modified from 
Meijers & Burger (2009) 

 Centralized vs. Decentralized: how concentrated jobs are near the Central 
Business District 

 Clustered vs. Dispersed : how disproportionately jobs are clustered in a few 
locations 

 

Employment centers 

Centralized Decentralized 

Clustered 
Polycentric 

Dispersed/
Scattered 

Monocentric 



Urban density gradients: Approach 
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Spatial autoregression models of employment and 
population density gradients of central business district 
(CBD) and subcenters 
 

∆Y: natural log of gross employment (population) density 
W: spatial contiguity weight matrix 

DCBD: distance from the CBD 
DSUB: distance from the nearest subcenter 

DINCH: distance from the nearest highway interchange 
α,β1,β2,β3 = coefficients 

 
 



Urban density gradients: Approach 
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Spatial autoregression models of employment and 
population density gradients of central business district 
(CBD) and subcenters 
 



Urban form scenarios 

1. Business as usual (BAU) 
- Trend decentralization and dispersion (Mean 

parameters) 
2. Polycentric development scenario 

- Trend decentralization but significant 
subcentering  

3. Compact development scenario  
- Recentralization and significant subcentering 
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Employment Density, 2000  Trend Scenario (BAU), 2050  

Employment Density Projections: 
Chicago, IL FAZ 



Polycentric Development, 2050  

Employment Density Projections:  
Chicago, IL FAZ 

Compact Development, 2050  



Employment Density, 2000  Trend Scenario (BAU), 2050  

Employment Density Projections:  
Los Angeles, CA FAZ 



Polycentric Development, 2050  Compact Development, 2050  

Employment Density Projections:  
Los Angeles, CA FAZ 



2. Future employment distribution by FAZ 
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 Input data 
 U.S. population, GDP (by sector), and labor cost projections from a 

global CGE model (The Phoenix Model at Battelle PNNL) 
 County level population projection from EPA (the Integrated Climate 

and Land Use Change Scenarios, ICLUS) 
 County level 1998-2009 employment by industry from the County 

Business Patterns data by the US Census Bureau 

 Methods 
 A standard Shift-Share model extrapolating the regional shift 

component 
 Control employment/population ratio based on the national trend 
 Multi-step top down allocation approach: US Total (1)  Census 

Division (9)  State (49)  FAZ (120)  



 Shift-share model: Decomposes regional employment growth  
 

1) National Share (NS) Component 
- Share of regional growth due to national growth 

 

2) Industry Mix (IM) Component 
- The impacts of the region’s mix of industries 

 

3) Regional Shift (RS) Component 
- Created jobs as a result of regional competitiveness 
 

 FAZ employment growth projection 
 NS and IM for future periods come from a national level 

projection by industry (the Phoenix model) 
 Extrapolate the five-year mean RS for 1998-2009 into the future 

 

Shift-Share Model 

t: time, i: industry, r: region  



Percent change in total employment 

1000 0 1000 Miles

N

EW

S

LEGEND
-31.461 - -13.945
-13.945 - -5.955
-5.955 - 0.035
0.035 - 6.532
6.532 - 11.592
11.592 - 18.493
18.493 - 26.777
26.777 - 41.89
41.89 - 98.433
98.433 - 180.976



2. US future employment distribution 
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YANFENG OUYANG & STUDENT TAESUNG HWANG 
CIVIL ENGINEERING – TRANSPORTATION 
 
3. DISTRIBUTION OF FREIGHT VIA RAIL AND TRUCK 
4. DELIVERY WITHIN FREIGHT ZONE 
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Freight and delivery logistics 

 GOAL: Given future economy, represent freight 
movements between & within freight zones 
 Affected by: Strength of economy, commodities used 
 Affected by: Infrastructure capacity  
 Affected by: Fuel price & shipping time 
 Affects: interregional freight choice  

national freight activity  total emissions 
 Affects: local distribution of emissions & exposure 
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3. Freight distribution between FAZs 

 Four-Step Freight Commodity Transportation Forecasting Model 
 Closely resembles the four-step urban travel demand model for passengers. 
 Fewer standardized techniques exist for forecasting movement of ‘freight’ (Jiang 

et al., 1999; NCHRP Report 606, 2008). 
 

Trip 
Generation 

Trip 
Distribution 

Mode 
Split 

Traffic 
Assignment 

From global 
macroeconomic 

model 

Scaled from 
present-day 

origin-destination 
matrix 

Refined from 
existing work 

Produced by 
network 

optimization 
model 



Trip generation and distribution 

For each commodity: 
1. Current attraction (based on 
employment) and production 
2. Growth in production & 
attraction in each location 
  - downscaled from macroeconomic 
model 

3. Iterative algorithm converges 
rapidly 
 

23 

Challenge: develop a new origin-destination matrix 



Mode choice: Binomial logit market share 
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commodity 

commodity 

commodity 

commodity 

Production of a single usable data set (70,000 observations) 

Combine data sets  
 Freight Analysis Framework (FAF2, FAF3), Commodity Flow 

Survey, West Texas Intermediate crude oil price 

Group into 10 commodities 



Estimation results for mode split 
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 Training set (2/3 of observations) for parameter 
development 

 Test set (1/3 of observations) for validation 
All p-values <0.001 



Preliminary share results 
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Network loading algorithm 

 User Equilibrium (Sheffi, 1985) 
 Convex Combinations Algorithm 

 converges quickly (<2 sec) 
 Considers congestion (including background 

traffic) 

27 



Truck and rail network loading 
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Truck 

passenger car equivalents 

Rail 178 total nodes, 
588 total links 

183 total nodes, 
566 total links 

# trains per day 



4. Within-FAZ delivery 

 Affected by job density and polycentricity 
 Ring-sweep algorithm (Newell and Daganzo, 1986) 

 Produces number of km driven under each 
scenario and their locations 
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Census Tract 

census tracts    Census  
Tract 



TAMI BOND & STUDENT FANG YAN 
CIVIL ENGINEERING - ENVIRONMENTAL 
 
5. EMISSIONS, TECHNOLOGY, AND SPATIAL 
DISTRIBUTION 
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Bridge between activity and air quality 

 GOAL: Given future activity, represent how air 
quality and climate change are affected 
 Affected by: Choice and location of inter- and intra-zone 

freight 
 Affected by: Choice of technology 
 Affects: National freight activity  total emissions 
 Affects: Local distribution of emissions & exposure 

 NOT HERE (yet): Air quality impacts of this project 
 Shown here: Global emissions with uncertainty 
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SPEW-Trend 
technology 
fleet model 

• Developed to 
examine inertia 
in the vehicle 
fleet 

• Hybrid model 
driven by 
macroeconomic 
scenario 

• Use Monte 
Carlo simulation 
for uncertain 
parameters 
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Technology and emission modeling approach 

 Technology model responds to economic 
environment (fuel consumption, growth rates, 
standards) 

 Compare emissions under different scenarios 
 Estimate uncertainty with Monte Carlo approach 
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Uncertainty in on-road emissions due to economic 
scenario 

Yan et al., Atmos Env, 2010 
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Uncertainty in emission growth 
caused by parameters in retirement rates 

35 

Monte Carlo simulation 



Remaining work (capstone!) 

 Freight and urban form scenarios drive 
technology model 

 Predict emissions including uncertainty 
 Spatially distribute emissions according to urban 

form scenarios 
 
This synthesis will produce new distributions of air 

pollutant concentrations 
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Ultimate Question 

What decisions are robust in the face 
of uncertainty? 
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Robust decisions are  
those which achieve the 
lowest possible impacts 

under a range of scenarios.  
 

To be used for evaluation,  
our models must respond to 
conditions in each scenario.  

 



Ultimate goal of this project 

Evaluate air quality and 
climate impacts 
under a range of 

scenarios 
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Questions? 
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N

EW

S

LEGEND
-31.461 - -13.945
-13.945 - -5.955
-5.955 - 0.035
0.035 - 6.532
6.532 - 11.592
11.592 - 18.493
18.493 - 26.777
26.777 - 41.89
41.89 - 98.433
98.433 - 180.976



SUPPLEMENTAL SLIDES 
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Future US employment by industry 
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